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$t$ Google Japan Inc.
1 htrp: $//ww$ . csd. uwo. $ca/faculty/i$ lie$/rune$ . html
1649 2009 81-88 81
2
$\Sigma$ . $x,$ $y$ $z$ , $w=xyz$
, , . $w$ $|w|$ , $1\leq i\leq|w|$ , $i$
$w[]$ . $i$ $j$ $w[i$ : $j]$ . $w$ $1\leq i\leq|w|-p$
$w[i]=w[i+p]$ , $p$ . $w$ $k\geq 2$ $u^{k}$ ,
.
$w$ $u=w[i$ : $j]$ $P\geq|u|/2$ , $w[i-1$ : $j]$ $w[i$ : $j+1]$
$P$ , $w$ . $w$
$u=w[i$ : $j]$ , 3 $\langle i,$ $j-i+1,p\rangle$ . , $i$ , $|u|,$ $u$ $p$
. $w$ , , $($ $)$ , $w$ $($ $)$ .
, $w$ run$(w)$ .
1. aabaabaaaacaacac 7 : $\langle$ 1, 2, $1\rangle=a^{2},$ $\langle 4,2,1\rangle=a^{2},$ $\langle 7,4,1\rangle=a^{4}$ ,




, $\rho(n)$ $n$ .
3
Franek [7] , .









, $0$ . ,





lstring $buf[1.$ .maxbufsize $*2]$ ;
2 buf$[1]=0$”;
$s$ bufsize $=1$ , rho $=0$ ;
4 while true do




$s$ stable sort $buf[1.$ .bufsize$]$ $wrtrun(w)$ ;
9 bufsize $= \min\{maxbufsize$ , bufsize $*2\}$ ;












, Fine Wilf[5] , .
1( ( [17, 4] )). $w$ 2 $p$ $q$ , $p+q-gcd(p, q)\leq|w|$
, $w$ $gcd(p, q)$ .
$w$ $w,$ $w^{2},$ $w^{3},$ $w^{4}\ldots$ , , .
$w^{k}$
$w$ , $w^{k+1}$ , 4 .
1. $w^{k}$ $w^{k}$ $w^{k+1}$ .
2. $w^{k}$ $w$ $w^{k+1}$ 1 .
3. $w^{k}$ , $w^{k+1}$ .
4. $w^{k}$ $w$ , .
4. , $w$ $w^{2}$ , $w^{3}$ .
, $w=$ abcacabc $r=$ (cabca)2 , $r$ $w^{3}$ $\langle$8, 10, $5\rangle$ , $r$
$w^{2}=$ abcacabcabcacabc . , $0,1$ .
, a
$,$
$b,$ $c$ 01, 10, 00 .
, .
2. $w$ $n$ . $k\geq 3$ , $r=\langle i,$ $l,p\rangle$ $w^{k}$
, $l\geq 2n$ , $i=1$ $l=kn$ . $r=w^{k}$ .
: $n=1$ , $n>1$ . $p$ $r$ , $|r|=l\geq 2p$
$l\geq 2n$ . , $u$ $m$ $t\geq 1$ $w=u^{t}$ .
83
, $|u|=m\leq n$ $r$ . , 1( ) , $p+m\leq l$
, $gcd(p, m)$ , $r$ . $p>m$ , $gcd(p, m)<p$ , $P$ $\sim$
. $p<m$ , $u$ . $p=m$ .
, $m$ $w^{k}$ , $r=\langle 1,$ $kn,$ $m\rangle=w^{k}$ . $\blacksquare$
, run$(w^{k})$ .
3. $w$ $n$ . $k\geq 2$ , run$(w^{k})=Ak-B$ . ,
$A=run(w^{3})-\Gamma un(w^{2})$ $B=2run(w^{3})-3n4n(w^{2})$ .
: $w^{k}$ $w$ . $r=\langle i,$ $l,p\rangle$ $w^{k}$
$i+l>nk+1$ . , $r$ $w^{k+1}$ $w$ . ,
2 , $i\leq(k-2)n$ , $r=w^{k+1}$ . , $w^{2}$
, $r$ . , . $i>(k-2)n$
. , $w^{k}$ $W^{2}$ $w$ , $w^{k+1}$ $w^{3}$





$k\geq 3$ . . $k=2$ . $\blacksquare$
1. $w$ $\epsilon>0$ , $N$ , $n\geq N$
.
$\frac{\rho(n)}{n}>\frac{ntn(w^{3})-mn(w^{2})}{|w|}-\epsilon$ .
: 3 , $mn(w^{k})=Ak-B$ . , $A=mn(w^{3})-mn(w^{2}),$ $B=2mn(w^{3})-$
$3mn(w^{2})$ .
$\epsilon>0$ . $N> \frac{A-B}{\epsilon}$ $N$ , $n\geq N$ , $k$ $|w|(k-1)\leq$
$n<|w|k$ . , $k> \Pi^{n}w\geq\Pi wN\geq\frac{A-B}{|w|\epsilon}$ . $\rho(n)$





, , . ,
, .
2 .




2 . 1 , ,
.
3 , $w$ $w^{k}$ , $w^{2},$ $w^{3}$
. ,
, $\Gamma un(w^{3})-mn(w^{2})$ .





. $A,$ $B,$ $C$ ,
. ,
. , maxbufsize $=256$
.
Algorithm2:
1 string $A=$ “001010010110100101001011” ;
2 string $B=A+01001011$” ;
S String $c=$ A “0100101001011” ;
4 string buf[1..maxbufsize $*$ 3];
6 buf$[1]=A$; buf$[2]=B$ ; buf$[3]=C$ ; bufsize $=3$ , rho $=0$ ;
6 while true do
$\tau$ for $i=$ bufsize downto 1 do
8 buf$[3*i]=$ buf$[i]+C$ ;
9 buf$[3*i-1]=$ buf$[i]+B$;
10 buf$[3*i-2]=$ buf$[i]+A$;
11 stable sort buf[1..bufsize $*3$] wrt $(mn(w^{3})-mn(w^{2}))/|w|$ ;
12 bufsize $= \min\{maxbufsize$ , bufsize $*3\}$ ;







, , $\tau$ . $\tau$
, 2. ,







2http: $//ww$ . shino. ecel. $t$ ohoku. ac. Jp$/runs/$
85
$\frac{\tau 1ln(\tau)}{|\tau|}=174697/184973\approx 0.944445$ , $\frac{3}{2\phi}\approx 0.927$
, Fran\‘ek . , ,
. , .
2. $\epsilon>0$ , $N$ , $n\geq N$ , $\rho(n)>(\alpha-\epsilon)n$
. , $\alpha=\frac{174719}{184973}\approx 0.944565$ .






, Paglisi Simpson $\nwarrow$ , 29, 196,442 27,578,248
. , , 0.944542 .
[18] , , ,
$\{t_{n}\}$ . 41 $t_{41}$ 1
, 0.94457567 . , run$(t_{k})$ ,
,
$\frac{715387\alpha^{2}-369214\alpha+75427}{757363\alpha^{2}-390875\alpha+79852}\approx 0.94457571235$
. , $\alpha$ $z^{3}-10z^{2}+5z-1=0$ .
Simpson[22] , , Modi ed
Padovan words . , Padovan
, ,
$\frac{11\psi^{2}+7\psi-6}{11\psi^{2}+8\psi-6}\approx 0.94457571235$
. , $\psi$ $z^{3}-z-1=0$ , (Plastic number)
. , $\{t_{n}\}$ .
7
,
. , , $174719/184973\approx$





. , $\tau$ LZ , 24
( $B$ ). , ,
.
,
. , $n$ , $\sigma(n)$
. $\sigma(n)$ , $\sigma(n)\leq 2n-\Theta(\log n)$ , [13],

























. $|\tau_{155S}|=1558,$ $rwn(\tau_{155S})=1455$ , $mn(\tau_{1568}^{2})=2915,$ $run(\tau_{1558}^{3})=4374$,
1 $\tau_{155S}$ , $(4374-2915)/1558\approx 0.93645>0.927$ .




$\{A,$ $B,$ $C\}$ , $\tau_{155S}$ .
10100101101ABABCBACBABCBABACBABCBACBABCBABACBABCBACBABCBAAO10010100 iiCAOI00IOIO
OIIAO10010100
, , $\{A,$ $B,$ $C\}$ .
$B$ : LZ
4 $\tau$ , . LZ , 24
LZ factor .
$\tau=$ a / $(0,1)/b/(1,3)/(1,4)/(2,8)/(5,13)/(12,19)/(26$ , 31 $)$ /
(49,38) / (50, 63) / (89,93) / (113, 162) / (57, 317) / (249, 693) / $(275,9S4)/$
(879, 2120) / (942,3041) / (2811, 6521) / (2999, 9374) / (8764, 20072) /
(9332,28878) / $(27096 \iota 45341)/$ (38210,67195)
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